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Thermo-mechanical Treatment with Multi-direction Upsetting for Improvement of Superplasticity in SUS304

Masahito KatoH and Yasunori TORISAKA

Synopsis : Various thermo-mechanical treatments have been tried in order to improve the structural superplasticity in conventionally produced JIS

SUS304.

The attempts of thermo-mechanical treatment consisting of three or four cycles including cold working by roll-mill and subsequent anneal-

ing. By adopting the cold multi-direction upsetting method, which is suitable for the accumlation of enough volume of martensite phase, the

grain size decreases into submicrons in diameter. Especially by thermo-mechanical treatment of four cycles, the grain size of ~200nm is

achieved. The upper limit of strain rate to obtain significant superplastic behaviour is improved up to 1X107%/s at 973K by the grain refine-

ment.
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Fig. 1. Conseptual scheme of the multi-direction upset-
ting.

Table 1 Chemical composition (mass %).

C | Si
T |0.050 {0.30
Q {0.053 [0.30

Mn P S
1.74 {0.036 |0.005
1.77 |0.033 {0.021

Ni
820
8.70

Cr
18.80
18.60

Fe
bal.
bal.
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N
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Fig. 2. Skeleton heat diagrams of the thermo mechanical treatment for grain fining. The annealing and tensile testing temperatures

were 973K.
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Fig. 3. Dimension of the tensile test specimens, prepared
from (a) T and (b) Q treatments.
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a) Single direction working (ref(2])
b) Multi direction working

Fig. 4. TEM micrographs; after (a) single direction cold
workings and (b) multi direction cold workings
during D treatment.
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Fig. 5. Variation of remained martensite contents with an-
nealing time at 973K in the final stage of each ther-
mo-mechanical treatments.
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Fig. 6. TEM micrographs of SUS304 after T treatment.
The final annealing was carried out at 973K for
420s.

Fig. 7. The appearance of the cold roled specimen after Q
treatment.
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a) 973K % 60s
b) 973K % 180s

250nm

Fig. 8. TEM micrographs of SUS304 after Q treatments.
The final annealing conditions were (a) 973K X60s
and (b) 973K X 180 s, respectively.
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Fig. 9. Variation of tensile properties with initial strain
rate at 973K.
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Fig. 10. Strain-rate sensitivity index at 973K.
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